The objective of this study was to find out whether the quality of compost would change during the process of composting carrier bags claimed by manufacturers as compostable or biodegradable in terms of parameters stipulated in the standard ČSN 46 5735 Industrial composts. Eight samples were subjected to the composting process in laboratory conditions. The compost samples were analyzed in the accredited laboratory. All samples met parameters stipulated for Class II. Seven samples of the eight met parameters stipulated in the standard ČSN 46 5735 for Class I. The samples had no influence on compost characteristics: strength, content of water and salt, pH value, content of nutrients or proportion of organic substances; other components of the compost remained unchanged. Optical changes of the compost did not occur either.
Introduction
Composting is a managed process that controls the biological decomposition and transformation of biodegradable materials into a humus-like substance called compost. The controlled biooxidation process proceeds through mesophilic and thermophilic phases and results in the production of carbon dioxide, water, minerals and stabilized organic matter (compost or humus). Another benefit of this process is that the heat produced can result in destruction of pathogens that may be present in the waste stream. For most operations, including plastic biodegradation, a combination of sludge and solid waste provides the best operation. The plastic product or material must disintegrate during composting such that the residual plastic is not readily distinguishable from other organic materials in the finished compost. A plastic material or product is considered to have demonstrated satisfactory disintegration if after lab-scale composting, no more than 10% of its original dry weight remains after sieving on a 2.0 mm sieve. That is, 90% of the test sample must pass through a 2.0 mm sieve [1, 2] .
Composting of biodegradable packaging and biodegradable plastics is a form of recovery of waste which can cut the increasing need of new landfilling sites. Only compostable materials can be recycled through biological treatment, since materials not compatible with composting could decrease the compost quality and impair its commercial value. The environmental conditions of the composting test are the following: high temperature (58°C); aerobic conditions; proper water content (about 50%). Mature compost is used as a solid matrix, as a source of thermophilic microorganisms (inoculum), and as a source of nutrients. Avery important requisite is that the packaging material under study must not release, during degradation, toxic compounds into the compost which could hinder plants, animals, and human beings by entering the food chain [1, 2] .
Recently, studies have been carried out on the degradation of biodegradable plastic in the composting process [3] [4] [5] . Gu et al [3] ascertained the rate of degradation of cellulose acetate films when exposed to composting materials in laboratory test vessels maintained at 53°C by measuring their weight loss. Weiland et al [5] examined the degradability of thermally oxidized polyethylene film in the composting process by monitoring its molecular weight and surface erosion. Choi and Park [6] reported on the biodegradability of polycaprolactone/styrene-acrylonitrile-copolymer blend in the composting process. By measuring the weight loss of the blend film, which contained more than 50% polycaprolactone by weight, they found that it became significantly degraded during the composting time. Yue et al [7] measured the biodegradation of films composed of poly(b-hydroxybutyrate) and a copolymer of 20% b-hydroxyvalyrate by observing weight loss and normalized thickness. They reported that P(b-HB-co-20% b-HV) degraded significantly faster in a simulated municipal solid waste compost test at a constant temperature of 55°C. In addition to these studies, other research has attempted to evaluate the degradability of biodegradable plastic during composting by measuring the weight loss of the plastic film [8] [9] [10] [11] [12] [13] [14] . Although much research has been carried out on the degradability of biodegradable plastics in the composting process, few studies have controlled composting process and that the quality of the produced compost has not altered when biodegradable/degradable polymers has been mineralized.
In our previous study [15] , we determine the degrability/biodegradability of "single-use" plastic bags available on the market that are labeled as degradable/biodegradable and those certified as compostable. This paper discusses the potential impact of biodegradable/degradable plastics, with particular reference to single use plastics bags, via composting in a laboratory-scale test. The test should prove that the biodegradable plastics could be biodegraded during a controlled composting process and that the quality of the produced compost has not altered, when, biodegradable polymers had been mineralized. Specific examples are given from new research on biodegradability in simulated composting systems.
Experimental procedures

Samples for composting
Seven kinds of degradable/biodegradable bags as well as cellulose filter paper (CFP) as a positive control (reference mixture) were qualitatively tested for disintegration in a laboratory-scale test. Individual samples are described in the Table 1 [15] . Block diagram of the experiment setup is described in the Figure 1 . 
Composting and the degree of biodisintegration
Composting and the degree of biodisintegration was assessed using modified version of ČSN EN 14806 Norm "Packaging -Preliminary evaluation of the disintegration of the packaging materials under simulated composting conditions in a laboratory scale test" [18] and a modified version of ČSN EN ISO 20200 "Plastics -Determination of the degree of disintegration of plastic materials under simulated composting conditions in a laboratory-scale test" (ISO 20200:2004) [19] . The composting setup used was described in Ecological Chemistry and Engineering S [15] .
For each tested material two reactors were prepared following the ČSN EN 14806 Norm. It is a modification compared to the ČSN EN ISO 20200 Norm which requires minimum of three reactors for each tested sample. The ČSN EN 14806 Norm states as useful for the control of the development in the reactor in which the composting takes place to undertake a blind experiment without the tested material. The authors modified the procedure stated in the Norm and in order to safeguard the presence of suitable conditions for biodegradation filter paper was used. The control of humidity was carried out under the ČSN EN 14806 Norm, not according to the ČSN EN ISO 20200 [19] .
According to these tests, the plastic pieces obtained were mixed with a solid biodegradable synthetic material and subjected to aerobic degradation. However, the composition of the synthetic material was changed as follows (as percentage of dry mass): 51% compost, 4% wood sawdust, 44% biodegradable municipal waste, and 1% glucose. This modification was undertaken in order to bring the test nearer to real conditions and is based on research on the monthly production of biodegradable waste in twenty families.
The test items were added as pieces to a mixture of wet synthetic material and aerobically composted in an air circulation oven at a constant temperature of 58.0ºC (±2ºC) for 12 weeks. During the test, the contents of the vessel were regularly manually mixed and aerated. When mixing and aerating, the visual appearance of the test items was carefully checked [15] .
The effect of degradable/biodegradable carrier bags on the quality of compost
Apart from disintegration/biodegradation, the laboratory experiment explored also the effect of biodegradation/degradation of biologically decomposable carrier bags on compost quality. The compost quality was assessed in the accredited laboratory ČIA no. 1147 (LABTECH s.r.o.) in Brno. The assessment entailed analyses of selected physical and chemical characteristics of composts pursuant to the standard ČSN 46 5735 Industrial composts.
In addition to the exploration of the above parameters, a test was made of moisture content measurement during the composting. Moisture content was measured by screening tests during both experiments and at their end. The composted material was crimpled by hand with using as much strength as possible. At the optimum moisture content, no water will emerge between the fingers and the material will hold together after the palm has been opened [16] .
Results and discussion
All the results are presented as mean values of the two reactors for the relevant sample (see Figure 1 ). The operational parameters showed that the test was valid. The results of the degradation/biodegradation experiment were described in detail in Ecological Chemistry and Engineering S [15] .
Chemical analysis of the substrate after the biodegradation process
After finishing the biodegradation process, a repeated experiment was performed in order to verify the obtained data, and a chemical analysis of the substrate was carried out. The aim of the chemical analysis was to find out the influence of the qualitative parameters of the substrate after the biodegradation process of the samples. Within the chemical analysis, the content of the hazardous elements (Cd, Ni, Pb, As, Cr, Mo, and Hg) and the content of nutrients (Ca, P, and K) was analyzed.
Maximum permissible amounts of substances pursuant to the standard ČSN 46 5735 Industrial composts
The standard ČSN 46 5735 stipulates that industrial compost be brown, greyish-brown to black homogeneous material of crumbly to clotted structure without inseparable particles. It must not emanate odors indicating the presence of undesirable substances. The standard defines technical requirements, too. Industrial compost must comply with quality characteristics and not even the amount of one of the monitored elements may exceed values specified in Table 2 [17]. Class II can be used only to fertilize soils in which analyses did not reveal the content of any of monitored elements higher than specified limits for soils and at the same time, the exchangeable soil reaction must not be lower than pH 6.0. Class II must not be used to fertilize soils on which crops are grown for direct consumption. The maximum permissible dose of Class II compost is 20 Mg d.m. (dry mass) per hectare. Composts of Class I and Class II can be applied to soils once in three years at maximum. If some value of monitored elements for Class II is exceeded, the concerned industrial compost must not be dispatched and must be reworked [17] .
The analysis of samples
Compost samples were analyzed in the testing accredited laboratory ČIA no. 1147 (LABTECH s.r.o. Brno). Parameters analyzed in the compost samples were as follows: dry weight of the original sample, dry weight of the laboratory sample (105°C), exchange soil reaction (CaCl 2 ), Melich III -contents of available nutrients (calcium, magnesium, potassium, total phosphorus) and total contents of arsenic, cadmium, chromium, copper, molybdenum, nickel, lead, zinc and mercury.
To establish undesirable substances, the sample was extracted by using aqua regia pursuant to ISO 11466. Dry weight of the laboratory sample was determined after drying out and grinding the original sample; it does not always correspond to the dry weight of the original sample. Results of the analysis of samples (1a-8a) from the first experiment are presented in Tables 3-10 . Results of the analysis from the first experiment for Sample 1a are shown in Table 3 . Analyzed parameters of Sample 1a are in line with parameters stipulated for Class I and Class II in the standard ČSN 46 5735 (see Table 2 ).
Results of the analysis from the first experiment for Sample 2a are shown in Table 4 . Analyzed parameters of Sample 2a are in line with parameters stipulated for Class I and Class II in the standard ČSN 46 5735 (see Table 2 ). Results of the analysis from the first experiment for Sample 3a are shown in Table 5 . Analyzed parameters of Sample 3a comply with the parameters stipulated for Class I and Class II in the standard ČSN 46 5735 (see Table 2 ). Results of the analysis from the first experiment for Sample 4a are shown in Table 6 . Analyzed parameters of Sample 4a met nearly all parameters stipulated for Class I (see Table 2 ) except for the parameter concerning the total content of lead. Sample 4a contained 141 mg of lead per kg of d.m. while the standard stipulates the maximum permissible amount in 1 kg of dried out sample for Class I to be 100. Sample 4a conforms to parameters stipulated by the standard ČSN 46 5735 for Class II.
Results of the analysis from the first experiment for Sample 5a are shown in Table 7 . Analyzed parameters of Sample 5a conform to parameters stipulated for Class I and Class II in the standard ČSN 46 5735 (see Table 2 ).
Results of the analysis from the first experiment for Sample 6a are shown in Table 8 . Analyzed parameters of Sample 6a are in line with parameters stipulated for Class I and Class II in the standard ČSN 46 5735 (see Table 2 ).
Results of the analysis from the first experiment for Sample 7a are shown in Table 9 . Analyzed parameters of Sample 7a are in line with parameters stipulated for Class I and Class II in the standard ČSN 46 5735 (see Table 2 ). Results of the analysis from the first experiment for Sample 8a are shown in Table 10 . Analyzed parameters of Sample 8a also conform to parameters stipulated for Class I and Class II in the standard ČSN 46 5735 (see Table 2 ).
A graph was plotted based on data gained from the laboratory analyses (see Fig. 2 ) with the values of parameters monitored in samples 1a-8a. Because all eight samples from the first experiment were in line with values stipulated in the standard for Class II, those parameters were not plotted in the Figure 2 . However, one sample did not meet the values set for Class I and this is why the Figure 2 presents only parameters for the maximum permissible amounts of monitored elements in mg/kg of dried out sample stipulated in the standard ČSN 46 5735 for Class I. Compost samples 1a-8a meet the parameters of the maximum permissible amount of monitored substances stipulated in the standard for Class II. Results from the analysis showed increased Pb values in Sample 4a (for Class I), which was the reason for repeating the trial. Parameters of the remaining samples 1a, 2a, 3a, 5a, 6a, 7a and 8a were in line with the values stipulated by the standard ( Table 2) .
The methodology of the repeated experiment was the same as in the first trial. Harvested samples were sent for analysis to the accredited testing laboratory ČIA no. 1147 (LABTECH s.r.o. Brno).
Results from the analysis of samples in the repeated experiment are presented in Tables  11-15 . The repeated analysis was made only for samples that had decomposed under laboratory conditions -including filtration paper (CFC) as positive control. Assessed parameters included only heavy metals; contents of available nutrients were not assessed. The analysis of samples from the repeated experiment was followed by the comparison of results with those from the first experiment. The compared samples were 4, 5, 6, 7 and 8 and the obtained values were plotted in Figures 3-7 . Sample 4a exhibited an increased Pb value (141 mg/kg d.m.) and Sample 4b from the repeated experiment showed the Pb value of 28.5 mg/kg d.m., ie the monitored element met the limits stipulated by the standard for both classes. Figure 3 presents parameters of Sample 4a and Sample 4b. Furthermore, the parameters of these samples are compared with values set by the standard ČSN 46 5735 (see Table 2 ). As it follows out from the Figure 3 , the values of monitored parameters did not exceed values stipulated in the standard. Values for Samples 6a and 6b are shown in Figure 5 , which includes -in addition to the values of the compared samples -also the limits for the monitored substances stipulated by the standard ČSN 46 5735 for Class I and Class II. The two compared samples did not exceed the limits for the monitored substances pursuant to the standard. Figure 6 presents parameters of Sample 7a and Sample 7b. Parameters of these samples are compared with values set by the standard ČSN 46 5735 (see Table 2 ). As it follows out from the Figure 6 , the values set by the standard were not exceeded by the monitored parameters. Values for Samples 8a and 8b are shown in Figure 7 , which includes -in addition to the values of the compared samples -also the limits for the monitored substances stipulated by the standard ČSN 46 5735 for Class I and Class II. The two compared samples did not exceed the limits for the monitored substances pursuant to the standard.
Conclusions
The goal of the experiment was to find out whether the quality of compost would change during the process of composting carrier bags claimed by manufacturers as compostable or biodegradable in terms of parameters stipulated in the standard ČSN 46 5735 Industrial composts. Seven samples were subjected to the composting process in laboratory conditions; positive control was filter paper (CFC) as Sample 8 (reference mixture). The compost samples were analyzed in the accredited laboratory; evaluated parameters were as follows: d.m. of the original sample, d.m. of the laboratory sample (105°C), exchangeable soil reaction (CaCl 2 ), Melich III -contents of available nutrients (calcium, magnesium, potassium, total phosphorus), total contents of arsenic, cadmium, chromium, copper, molybdenum, nickel, lead, zinc and mercury.
All eight samples met parameters stipulated for Class II. Seven samples of the eight met parameters stipulated in the standard ČSN 46 5735 for Class I. Sample 4a exhibited during the analysis a higher amount of Pb than permissible for compost classified in Class I by the standard. This was the reason to repeat the experiment with applying the same procedure as in the first experiment. The second experiment included Sample 4a and samples that became decomposed under laboratory conditions including the filtration paper (CFC) as a positive control. Parameters assessed were only the contents of heavy metals; the contents of available nutrients were not evaluated.
The repeated analysis showed that the parameters conclusive for the compost quality did not exceed limits stipulated in the standard. The samples had no influence on compost characteristics: strength, content of water and salt, pH value, content of nutrients or proportion of organic substances; other components of the compost remained unchanged. Optical changes of the compost did not occur either.
